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Abstract
The magnetic moment serrated decrease was observed in K0.4(Cr(CN)6)(Mn((R/S)-pn))(R/S)-
pnH0.6 chiral molecular magnet. We discussed observed magnetization jumps in terms of domain 
walls, spin chains and spin-soliton. Theoretical model of the commensurate-incommensurate 
transitions is in good agreement with experimental data. Contribution of the magnetic anisotropy to 
these transitions was experimentally confirmed. 
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1 Introduction 
Recently, the authors (Kishine J. I., 2014) presented a theoretical calculation of magnetization in 
an incommensurate spin-soliton lattice of chiral helimagnet. Accordingly with their work 
magnetization jumps caused by quantized energy of spin soliton lattices of different periods can be 
observed in chiral magnets. Another possible reason of serrated magnetization is Barkhausen jumps 
expected in any ferromagnet (Durin, 2006) but never observed in molecular magnets. However, 
preliminary experiments and theoretical estimations showed very special properties of the domain 
walls in molecular magnets, and their specific dynamics is far from classic ideas (Mushenok, 2011). 
These facts motivated us to look for the non-linear magnetic responses of magnetization in chiral 
molecular magnets. The goal of this work is high resolution magnetic measurements providing 
confirmation of transitions between quantum discrete states of spin-soliton lattice in 
K0.4(Cr(CN)6)(Mn((R/S)-pn))(R/S)-pnH0.6 chiral molecular magnets. 
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2 Serrated demagnetization of chiral magnet 
Chemical synthesis, X-ray analysis and express testing of the magnetic properties of the 
K0.4(Cr(CN)6)(Mn((R/S)-pn))(R/S)-pnH0.6 (Yellow Needle) single crystals were described in (Inoue, 
2001; Kishine J. I., 2005) In our experiments an easy axis of the plate of ∼ 1.5 × 0.5 × 0.1 mm3 size 
was oriented along and perpendicular magnetic field of a SQUID magnetometer. Magnetic hysteresis 
loops were recorded at different temperatures below Curie (Tc = 53 K) temperature in two 
orientations. 
Saturation magnetic moment of sample Ms was equal to 2 μB (μB is Bohr magneton) corresponding 
to antiparallel orientations of spins of the Mn2+ (S1 = 5/2) ions and the ɋr3+ (S2 = 3/2) ions. Coercive 
force was ɇɫoer = 7.5 Oe at 2 K. The magnetization jumps were observable on the Ɇ(ɇ) 
demagnetization curve in the narrow range of the magnetic field values close to the coercive force. 
The magnetization jumps were well-reproducible during demagnetization, while in magnetization 
regime they were absent. While the orientation of the sample easy axis is parallel to the magnetic field 
jumps were observed. Magnetization jumps happened at determined critical value of the magnetic 
field HC (Figure 1).
We measured the field dependence of the magnetic moment with the minimum available step of 
scanning magnetic field ǻɇ = 0.2 by SQUID - magnetometer, that has revealed a sequence of several 
jumps. Minimal jump amplitudes were ǻɆmin = 0.01 Ms – 0.05 Ms, while maximal jumps reached 
ǻɆmax = 0.1 Ms – 0.15 Ms. Average jump amplitude was  ∼ 0.08 Ms. Since time constant of 
magnetization measurements was long (10 s), one can assume that large jumps are envelopes of a 
variety of small events not available for registration due to low time resolution. Average volume of the 
sample involved in demagnetization jumps was ΔV = 0.04 V = 0.003 mm3, i.e. few percent of the 
sample volume contributed to the individual jump. The position of the jump of the magnetization 
depends on the temperature. Magnetization jumps occur at lower critical field with increasing 
temperature. 
Figure 1: Demagnetization curves at T = 2 K. The orientation of the magnetic field (H) with respect to the 
easy axis (c) of magnetization: (1) - H Œc, (2) - H ⊥ c. Before measurement, the sample was cooled down in 
zero magnetic field. Before each measurement sample was magnetized to saturation in a magnetic field H = 
400 Oe (H Œ c) and H = 3000 Oe (H ⊥ c). The arrow shows the critical magnetic field (ɇɋ) at which a series 
of jumps starts.
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We determined the anisotropy field by comparison of the magnetization curves in the easy axis 
direction of the magnetic field and in the perpendicular direction. Resulting anisotropy constant and its 
dependence on temperature were calculated. The correlation of temperature dependencies of the 
critical magnetic field and anisotropy constant indicates contribution of the magnetic anisotropy to the 
formation of the non-linear spin transition observed as demagnetization jumps in our experiments.  
3 Possible origin of magnetization jumps 
Three types of non-linear spin excitations possessing magnetization jumps in molecular magnets 
are discussed in literature: domain walls (Durin, 2006), chiral spin solitons (Kishine J. I., 2014) and 
alternating ferro/antiferromagnatic clusters on linear spin chains (Boyarchenkov, 2007). Crystal 
structure of the crystals studied in our work allows all above mentioned opportunities to be considered 
in principal. Barkhausen jump is an irreversible shift of the domain walls observed under 
magnetization as well as in demagnetization conditions in contrast with data obtained in our 
experiments indicating serrated demagnetization only. The second reason to reject explanations 
corresponding to Barkhausen noise is the absence of correlation between ɇɋ(T) dependence and 
temperature dependencies of coercive force and saturation field (Figure 2). Another possible 
explanation based on a rearrangement of ferro- and antiferromagnetic spin chains predicted in Ref. 
(Boyarchenkov, 2007) should also be avoided because no temperature dependence of critical magnetic 
field ɇɋ was predicted in contrast to our data (Figure 2).  
Thus, one should consider other possible explanations of the observed effect. One of them consists 
in transitions between discrete quantum states of spin-soliton lattice from commensurate to 
incommensurate magnetic phase predicted in (Kishine J. I., 2014).  Soliton spin lattice transformation
occurs at the critical field, which causes step ǻM in the field dependence of the magnetic moment 
M(H) corresponding to incommensurate magnetic phase period (Figure 3).  
However, discrepancies between the experimental results and the theoretical model exist. 
Magnetization jumps predicted in Ref. (Kishine J. I., 2014) should be observed in both magnetization 
and demagnetization conditions. The second discrepancy between the theoretical model (Kishine J. I., 
2014) and our data is that external magnetic field is directed along the easy axis in our experiments in 
contrast to the prediction (Kishine J. I., 2014). 
Figure 2: The temperature dependencies of the critical magnetic field ɇɋ at which a series of jumps starts 
(1), the magnetic field ɇsat, at which saturation is reached (2), and the coercive force ɇɫoer (3). 
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Yellow Needle crystals have a chiral helicoidal magnetic structure. The application of an external 
magnetic field leads to the appearance of an incommensurate magnetic phases: conical or soliton-like 
lattices. The magnetic field parallel to the axis of helix (it is c axis in the case of Yellow Needle 
crystals) leads to distortion of the helix and occurrence of a conical phase. The magnetic field 
perpendicular to the axis leads to the formation of a soliton lattice with very small energy gaps 
between levels. The magnetic field region in which solitons can be formed is limited by the anisotropy 
field HA = 2000 Oe. Thus, observation of the transitions between spin-soliton lattice incommensurate 
phases is not possible due to low resolution of SQUID magnetometer. This explains the absence of 
magnetization jumps at the perpendicular orientation of the sample (Figure 1). When the orientation of
the magnetic field is parallel to the easy axis of the sample, magnetization jumps are observable 
because energy gap between states of soliton lattice become large enough to observe magnetization 
jumps. Similar results were obtained for twist spin instabilities and skyrmion states in chiral 
ferromagnets possessing critical field of the magnetization jump in perpendicular and parallel 
orientations of magnetic field in respect with the easy magnetization axis (Meynell, 2014). Thus, both 
parallel and perpendicular orientations of the external magnetic field provide magnetization jumps 
differing in distance between levels and correspondent magnetic field interval between magnetization 
jumps.  
  
4 Conclusion 
Demagnetization jumps were observed in the narrow magnetic field interval in 
K0.4(Cr(CN)6)(Mn((R/S)-pn))(R/S)-pnH0.6 metal-organic ferrimagnet. Starting magnetic field of a 
series of jumps decreased as crystal was heated. Physical origin of the demagnetization jumps are 
transitions between incommensurate phases of different periods.   
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Figure 3: Fragment of the demagnetization curve M (H) at 8 K with the magnetic field directed along the 
easy axis of magnetization. The arrow shows the jump in the magnetic moment of an amplitude ǻM. The 
dotted line shows the theoretical curves of the magnetic moment corresponding to the formation of an 
incommensurate magnetic phases of different periods (a) and (b). 
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